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ABSTRACTS FROM THE FRENCH TECHNICAL PRESS.

STUDY OF THE RESISTANCE OFFERES~. .

BY PROPELLERS ROTATING IN AN AIRSTREAM.

The Parachutal Quality of Lifting Propelleréi .

LWé~have shown by theoretical consideration, in a previous
article* that the maximum thrust which could be furnished by a
Propeller rotating freely in an airstream was given by}thé fql-
lowing formula:

(1) P = °D°V
“in whiqh P  represents the thrust, V the velooity'oﬁ the
_airstream, D ‘the diameter of the propeller, aﬁ@ g the 1ift--
ing quality of a comparaﬁive propeller which we éalled a~conju—

' gate propeller. It must also be recollectéd that

g = the ratio «

w foofor

o and B being the usual coefficients of thrust %nd.powér.

In order to verify tﬁis data, we have had a coﬁplete series
of tests executed at the Eiffel Laboratory on different propel-
lers 80 cms. in dié@eter. These propellers could be braked to '
,,different.speeds;' By means of the device adopted, it wes pﬁssi—
blé to measure  the rotary speed,‘the velocity oflthe airfloﬁ, the

brake torgue and the thrust producedl

Six propellers were tested, their respective values as re-

* nperophile," ' September 1 — 15, 1920, p.269.
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gards the ratio of the pitch to the diameter being 0.2, 0.4, 0, a}
0.8, l and 1,8} they were composed of windmill van@a heldﬁby s ,’
hub, ( \

The following tables give the principal results obtained
in the case of @our of these propellers., The yelocity of rota-

A

tion is estimated according to the number of revolutions pef‘

‘ B I - -
second, the thrust values are given in grams and the torqgue in

gram-meters, Certain velocities in the tabdles have been plofted
in Figs, 1 %o 4, The numbers of revolutions being taken ag ab-
scissae’, the thrusts and torques have been taken as ordanates,
‘and the variations of thege for each azrstﬁeam veloclty have

thus oeen obtazned.

TABLE I - Propeller I: %-: 1.0

N C e
0 773 48.3
0.9 684 44,7 v .
16.85 9.1 508 33,55 4
13.4 860 €0.8 0.13
; 14.3 738 53,1 PN
16.6 418 6.95
o 933 58.3
2.1 850 47.1 B
18.50 12.5 1070 - 80.6 0.103
15,5 984 85, 7
o 18.9 895 42,3
/ ~ 18,3 498 7.69
0 975 68.2
1.2 o%5 - 59,5 .
s 4.1 1185 50, 8
30 15.1 1195 86.8
186.8 866 48.1
19.3 577 7,44
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TABLE I (Continued)
v N P

¢ g
0 1370 82.3
1 1280 84.3
'23 3.3 . 1280 . 69.0
’ 17 1540 104.0
20 1235 68.23
21.6 705 8.3 .
0 1770 119
2.8 1835 97.9
3.5 1680 - 93
26.10 = 231L.3 - 1680 107
‘ 24.2 930 7.44
H .
TABLE II:- p = 0.6 Propeller II
v N ' P _ c . q
0 177 9.93
: 0.5 231 7.94
8.03 3.5 243 8. 44
8.5 420 14.65
11.5 310 5.95 .
0 357 -16.9
2.3 403 13.4
5 423 15.9 .
10.70 13.5 633 24.8 -0.136
’ 14 578 18.6 x
14.8 534 13.4 »
15.5 445 5.95
o) 459 35 "
1 525 31.35 ..
1.5 570 21.60 o
; 12 : o686 45,9 .
13.10 15.8 2686 39.3 0.1186
* 16.3 924 34 '
17.5 745 19.1
18 733 15.4

18.7 614 . 5.95
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v TABLE II (Continued)

v N p c g
0 593 28 |
1 503 26
1.6 637 24.05 -
9.5 1035 37.3
- 13.5 1210 54.5
14.45 16.8 1170 47.6
17.7 1120 42.6
18" 1035 38.4
19.3 945 25.3
20.6 725 6.2
0 750 - 36
1.6 750 ' 29.3
5 970 29.8
11 1470 49.6
- 15 1435 67.0 .
15,70 15.1 1410 61.3
18.3 1390 57
19.2 1320 50. 9
19.6 1280 45.9
20.5 1150 33.5
23.5 882 6.45
TABEE III. Propeller III: & = 0.4.
v N P C N1
' 0 320 10.9
3.3 452 7.44
10.6 16.7 850 10.35 0.118
18.5 717 6.20
0 481 16.6 ;
7.5 924 14.15 =
13.20 18.3 1405 33.7 0.143
24.2 481 4.74 |
" 0 549 19.85
14.860 8.3 1170 - 16.1
0 705 23.05
15.90 | 1.6 705 19.35
N = 21.6

1900 4.1
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TABLE IV: Propeller IV : %-:
v N R T -9 )
0 975 18.1
18 1.4 975 11.9
5.4 1370 8.45
- 0 1320 23.6
21.35 6.2 1240 8.68
7.5 1985 7.69 0.085
a 0 1880 32.35 )
25. 40 9.1 2870 9.92
0 8550 47.1
29.55 11.5 3780 . 10.3
- 12.5 4000 9.92

A close investigation of these tables and the following fig-
ures. will show that the outline of the phénoﬁénon Varies in ac~
cordance with the size of the'pitch'of the propellers in question.

With propellers of large pitch (Figs. I and II), the thrust
and torque attain a maximum almost simultaneousiy and then de-
~crease to a minigum cdrresponding to the limit Qf thevvelocity Tl
that can be'ﬁioduoéd by the-propeller. |
The ascending branch of the curves correspondszto a.regime
- that is unstable in so far as concerns its being impbssible to-
fegulate.the tightening of the brake to maintain %hef?ropeller
at one of the corresponding speeds of rotation; it céhstantly
'tends to slow 'down and stops completely, or, on the contrary,
increaseé,to reach the desqendiﬁg bfanch»Whidh correspogds‘to
consfant regimes. | | _ |

In thé case of propellers of very small piteh (see Fig. IV)

the torque diminishes constantly while the thrust increases reg-
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ularly. In addition to this, the speeds of rotation attained
as a maximum by the propeller remain low even vhen the velocxvy'
of the airstream is high. "

Oﬁ considering the maximum thrust produced by proPellérsi
with different pitch, at the same airstream velocity, we find
‘that:- |

. 1. - The thrust is greater in proportion to the smallness
of the pitch.

3. - The correspondlng torque is. prOportlonally lower vhen
the pitch is smaller.

3. - The corresponding number of rotations is proportlon—
.ally higher when the pitch is shorter.

Exception must be made , however, 1n'the cage of propellers
of small pitch (PIOpeller IV) for which the thrust and number of
‘rotations remain loW'even for high velocities of, the airstream.
| The conclusions to be drawn from these statements as re-—
gards obtaining the maximum of thrust, that is,.thg maximum par-
. achutai quality , are as follows:— '

1." It is necessary that the pitch should bd small,~though
not lower than a minimum of about 0.3 D,

2. The propeller must be braked in such a manner that its
speed does not exceed a well determined value, corres-
ronding to the max1mum of thrust of the prOpeller’

These results may easily be compared Wlth the theoretlcal

~ results published in the notée previously mentioned.

If we refer to the general formula Tt =P V + T, estab-

It\»m

lished in that note, and if we replace T by its value
. g

o

(_deduced from Breguet's formula, Wwe obtain:
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or in its absolute value:

)
ol -

Tt= PV -

|

o

q
T4, which is the work absorbed by thé braking; is negative

‘and V is negative; hence we get

-V = o

"t:il;]
.

Tais shows that for a given value of P. weight of the air-
plane , the f&?llng velocity is proportionally.:lower ghen Tt is
smaller, am@.“men. q 1is greater, partlcularly When Tt_. o,
formila (1) is once more obtained:

P - @2DRVR ,‘

Ihversely, for a given value of V,' the tﬁrust P, fhat
is, the weight that may be braked, is proportionally greater
when q is greater and Tt is smaller. . | .

It wust be observed, hoﬁever, that these parameters are
not entirely independent one of the other. - '

In the case of a propeller of determined pitch}fthe vari-
ations of the braking torque modify the rotary speed and_in'sol‘
doing modify the gnglé of attack of each element, and conse-
quently the quality depending on that angle. |

The maximum thrust, in the case of propellers I, Ii,
ahd .III, therefore corresponds:to a value of the braking torque

. which is,hot,equal £0 zZero. In the casemof prbpeller IV, on
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the contrary, the thrust increases proportionally as the'torqpa_
decreases. _

If, however, the pitch of the propeller be altered, or to
be more precise, if the blades be adjusted in a different direc-
‘tion, the incidence of each element iskagain ﬁodified and the
quality is thus influenced. |

- Neither in one case nor the other cah a determined incidence

be given freely to each bladefelement; that is, theApaiameter
q 1is not entirely independent. /

It is therefore possible that the absolute waximum of thrust
may not neoeésarily correspond to a b;aking tgrque = O When
the adjustment of the blades and the braking torque are simultan-
eously altered. In orde£ to elucidate this poipt, a new series
of fests has been carried out; in these tests, at different ve-
locities of the airstream (abbut 13 m}) thé pitch was progressive—.
ly varied, the propeller being entirely free to tﬁ;n on its axis,
. and the degrees of thrust were noted down. . . -

The maximum degrees of thrust correcpond to a ratio of the
piteh to the diameter = about 0.3, and.the 'fe{sui;trs Qfaj’cained., -
which are _. given . in Table V, exceed»the thrust ﬁrbduced by ;

braked propellers with the same airstream velocities.

TABLE V. :
' o = 9s 40! o = 8° a =8° 30! a =50
- 8.00 - 258 324 . The propeller does not
8.13 . 429 489 rotate.
10.55 703 e 935 311
©12.00 854 1079 1370 . 6123

.15.10 1330 1885 2075 - 1174



T

The formulas V = E;

el

P=q2 D2 V2 (when Tt = o)

4enable us to make an easy calculation of "the values of the par-
achutal quality of the propellefs employed in each case,vpartic—
ularly in the case of the regimes which have given the maxiwum
thrusts, The resu;ts of these caléulations are given in the 5th
~column of the.precéding tableeg. |

fhe greatest values of ¢ therefore correspond‘to propel-
lers of large pitch. The values found are, morgover,. far lower
than the maximum theoretical quality, whicth.GS (according £0
Colonel Renard); they are also lower than the values which may
‘be obtained in practice and which are, according to Breguet, ap-
proximately 0. 35, |

| Although this quality diminishes simultaneously with the

pitch, advantage is none the less t0 be gained by utilizing
propellers of small pitch, as they give the maxintum of ﬁhrust.
by reason of the diminution of the braking torque.h In thé case
of the propeller which gave the maximum thrust, among the pro-
pellers tested (see Table V), the parachutal quality Wés_o.lz.

A certain number of considerations giving the theoretical
explana%ion of these results will be presentéd in another afti-

“ ¢cle at an early date,

(Translated from the French by the Paris Office, N.:A.G.4.)
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